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Introduction
Abstract
Hip resurfacing arthroplasty (HRA) is an alternative to total hip arthroplasty (THA) that preserves
proximal femoral bone stock. Patient socioeconomic
status (SES) has been demonstrated to impact access
to care for numerous healthcare interventions but
little is known about its impact on HRA when compared to THA. The aim of this study was to investigate whether there are disparities in SES for patients
receiving HRA or THA. A retrospective database review was conducted comprising 617 hip arthroplasty
patients (310 HRA, 307 THA). Patient postal code
was used as a surrogate marker for patients’ SES and
referenced against Canada Census Tract data to determine patient income. Patients greater than 70
years of age and those who underwent THA as revision or for fractures were excluded from the study.
There were 465 patients included in the analysis
comprised of 273 HRA and 192 THA patients. HRA
patients ($33,240, SD $8,206) had a significantly
higher mean income than THA patients ($29,365,
SD $7,119, p<0.001). The percentage of patients that
underwent HRA compared to THA increased as patients’ SES increased. Patients with an income greater than $25,000 were significantly more likely to undergo HRA rather than THA (OR ≥1.76), compared
to patients with an income less than $25,000 in whom
THA was more likely. There appears to be a disparity
in SES between patients who receive HRA and THA.
Further work is needed to better understand the factors that influence the choice of hip replacement for
patients requiring surgical intervention.
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T

he goal of joint replacement is to replace a diseased
joint with a fully functional and pain-free joint, re-establishing the patient’s quality of life and often improving the patient’s overall health. Total hip arthroplasty (THA)
has traditionally been indicated for an older patient population with end-stage hip disease, most often osteoarthritis. In
this older patient population THA results in good functional
outcomes and low rates of revision.1 However, the demographics for patients receiving THA have been changing in recent
years.2 Younger patients are electing to undergo hip replacement to maintain their active lifestyles rather than accepting the limitations of their hip degeneration,3 and as a result
THA is no longer a procedure exclusively for the elderly. The
functional demands and longevity of younger arthroplasty
patients are increased compared to their aged counterparts,4
and consequently younger patients receiving THA have poorer
functional outcomes and increased rates of revision.5 Modern
metal-on-metal hip resurfacing arthroplasty (HRA) is a boneconserving alternative to THA that preserves femoral bone
stock in an effort to improve future revision surgery. There has
been considerable controversy surrounding the use of metalon-metal bearings6-8 with declining use of the procedure in recent years.9, 10 Currently, hip resurfacing may be indicated for
a select patient population11-14 and outcomes with the surgery
appear to be implant specific.9, 10, 15-17
The number of hip replacement procedures performed in
Canada increased by 59% from 1997 to 2007.18 Over this same
period, disparity in socioeconomic status for Canadians continued to grow.19 Rahman et al. conducted a cohort study using
British Columbia’s population-based administrative data from
1991 to 2004 investigating the association between demographic variables and SES on surgical consultation and total joint arthroplasty rates among patients with osteoarthritis.20 They demonstrated that independent of age, severity of osteoarthritis, or
comorbidity, patients with higher SES consulted orthopaedic
surgeons more frequently and received THA surgery more often than those with low SES. Numerous additional studies have
demonstrated that SES has an effect on accessing healthcare
in orthopaedics21, 22 as well as other healthcare disciplines.23, 24
Furthermore, low income has been demonstrated to be an independent predictor for the choice of less aggressive, modern,
and efficacious surgical treatment for patients with various illnesses including appendicitis,25 end-stage renal disease,26 rectal
cancer,27 benign ovarian disease,28 and breast cancer.29
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With the recent advent of bone-conserving alternatives
to traditional total hip replacement, patients are presented
with a number of surgical treatment options for their hip
pain. There has been little in the way of investigation into
the factors that may predict the choice of implant the patient
ultimately receives. To our knowledge, no study has demonstrated whether SES influences the choice between HRA
and THA in patients with end-stage hip disease, and there
has been no Canadian study investigating if there are disparities in SES for patients receiving HRA or THA. Therefore,
the aim of the current study was to investigate within a single
surgeon’s practice if SES influences whether patients receive
HRA versus THA and if there are disparities in SES for patients receiving HRA or THA.

Methods
Study Design and Population
We conducted a retrospective cohort study using a hip replacement database of hip arthroplasties performed by the
senior surgeon. The database review was conducted on 617
hip arthroplasty patients (310 HRA, 307 THA) performed
between February 2005 and July 2010. Patients’ postal code
was used as a surrogate marker for patients’ SES and was referenced against a Statistics Canada 2006 Census Tract (CT)
Profile to determine patients’ CT Median Income ($CAD) Persons 15 years and over.30

Patients with postal codes incompatible with a Statistics
Canada 2006 Census Tract Profile were excluded from the
analysis, as were patients who underwent THA as revision or
for fractures, thus eliminating HRA as an option. Patients
70 years of age and older receiving THA were also excluded
from the study. Although being 70 years of age and older is
not an absolute contraindication to HRA, patients in this age
range are much more likely to receive THA as a consequence
of their age alone. Ethics approval for this study was obtained
through the Research Ethics Board at St. Michael’s Hospital.

Variables and Outcomes
The data variables collected included type of hip arthroplasty surgery (HRA or THA), primary etiology for surgery,
date of surgery, postal code at the time of surgery, gender,
age, and body mass index (BMI). Outcomes of interest were
differences in CT median income, age, BMI, and gender between HRA and THA patients, as well as differences in CT
median income, age, and BMI between male and female patients that underwent the same surgery.
The primary outcome of interest was the probability of undergoing HRA or THA. The primary predictor variable was
patient CT median income. Patients’ SES classification for
this analysis was established by segregating patients into one
of four categories based on the patient’s CT median income.
Patients were divided into (1) $24,999 or less, (2) $25,000 to
$34,999, (3) $35,000 to $44,999, and (4) $45,000 and above.

Table 1. Patient demographics by surgical procedure
HRA*
n=273

Variable

THA†
n=192

p value
<0.001

Gender, no. (%)
Male

222 (81.3)

101 (52.6)

Female

51 (18.7)

91 (47.4)

Total

51.4 (8.6, 24-74)

50.2 (12.7, 19-69)

0.238§

Males

51.5 (8.8)

49.7 (11.9)

0.118§

Females

50.5 (7.6)

50.8 (13.5)

0.916§

Total

29.3 (4.7)

28.4 (6.0)

0.097

Males

29.2 (4.6)

29.3 (5.9)

0.975

Females

29.3 (5.3)

27.5 (6.0)

0.073

Total

33,240 (8,206)

29,365 (7,119)

<0.001

Males

33,652 (8,243)

29,932 (7,762)

<0.001

Females

31,448 (7,875)

28,736 (6,312)

0.026

257 (94.1)

173 (90.1)

0.104

Age, yr, mean (SD‡, range)

BMI¶, kg/m , mean (SD)
2

Median Income, $CAD, mean (SD)

Primary Diagnosis, no. (%)
Osteoarthritis
*HRA = hip resurfacing arthroplasty
†THA = total hip arthroplasty
‡SD = standard deviation
§Excluding THA patients 70 years of age and older
¶BMI = body mass index
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Table 2. A comparison of patient demographics by gender for patients that underwent the same surgical procedure
Variable

Male

Female

p value

Age, yr, mean (SD†)

51.5 (8.8)

50.5 (7.6)

0.417

Median Income, $CAD, mean (SD)

33,652 (8,243)

31,448 (7,875)

0.084

BMI‡, kg/m2, mean (SD)

29.2 (4.6)

29.3 (5.3)

0.904

Age, yr, mean (SD)

49.7 (11.9)

50.8 (13.5)

0.562

Median Income, $CAD, mean (SD)

29,932 (7,762)

28,736 (6,312)

0.246

BMI, kg/m2, mean (SD)

29.3 (5.9)

27.5 (6.0)

0.043

HRA*

THA§

*HRA = hip resurfacing arthroplasty
†SD = standard deviation
‡BMI = body mass index
§THA = total hip arthroplasty

Statistical Analysis

Outcomes

Statistical analysis was performed using Microsoft Excel
(Microsoft Corp. Redmond, WA, USA) and the statistical software package SPSS (SPSS Inc., Chicago, IL). IndependentSamples t-tests were used to compare differences in CT median income, age, and BMI between surgical groups, as well as
differences in these parameters between genders within the
same surgical group. The Pearson Chi-Square test was used
to compare differences in gender and dominant primary
diagnosis between surgical groups. We used univariate binomial logistic regression to examine the association between
patients’ SES and the type of arthroplasty performed, computing odds ratios (ORs) and their 95% confidence intervals
(CIs). We considered all p values to be significant at 0.05.

HRA patients ($33,240, SD $8,206) had a significantly
higher mean income than THA patients ($29,365, SD $7,119,
p<0.001, Table 1). HRA males had a significantly higher mean
income than THA males (p<0.001), as did HRA females compared to THA females (p=0.026, Table 1). In spite of significant gender differences between HRA and THA, there was
no significant income difference between male and female
HRA patients (p=0.084) or male and female THA patients
(p=0.246, Table 2).
Univariate binomial logistic regression showed that patients with an income greater than $45,000 (OR 4.32, 95%
CI 1.86-10.03), of $35,000 to $44,999 (OR 3.42, 95% CI 1.826.41), and of $25,000 to $34,999 (OR 1.76, 95% CI 1.10-2.80)
had significantly higher odds of undergoing HRA rather than
THA, compared to patients with an income less than $25,000
(reference category) (Table 3). The percentage of patients
that underwent HRA compared to THA increased as patient
SES increased (Figure 1). The percentage of patients that
underwent HRA increased sequentially from 43.6% in the
lowest income category (<$25,000) to 76.9% in the highest
income category (≥$45,000). Conversely, the percentage of
patients that underwent THA decreased sequentially from
56.4% in the lowest income category (<$25,000) to 23.1% in
the highest income category (≥$45,000).

Results
Baseline Characteristics
There were 465 patients included in the analysis, of whom
273 (58.7%) underwent HRA and 192 (41.3%) underwent
THA. HRA and THA patient demographics are shown in
Table 1. There were significant gender differences between
HRA (81.3% male, 18.7% female) and THA (52.6% male,
47.4% female) patients (p<0.001). There was no significant
difference in age between HRA and THA patients, with mean
ages of 51.4 years (SD 8.6) and 50.2 years (SD 12.7) respectively (p=0.238). Similarly, there was no significant difference
in the dominant etiology between HRA and THA patients
(p=0.104), as the primary diagnosis of osteoarthritis of the
hip joint was present in 94.1% of HRA patients and 90.1% of
THA patients included in the analysis.
Age and BMI differences between male and female patients that underwent the same surgery are shown in Table 2.
In spite of significant gender differences between HRA and
THA, there was no significant difference in age between male
and female HRA patients (p=0.417) or male and female THA
patients (p=0.562). Likewise, there was no significant difference in BMI between male and female HRA patients (0.904).
There was a statistically significant, although clinically insignificant, difference in BMI between male and female THA
patients (p=0.043).
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Table 3. Odds ratios* of undergoing HRA† compared to THA‡
Odds ratio
Median Income Category, $CAD

(95% confidence interval)

p value

<25,000

1.00 (reference category)

–

25,000-34,999

1.76 (1.10-2.80)

0.018

35,000-44,999

3.42 (1.82-6.41)

<0.001

>45,000

4.32 (1.86-10.03)

0.001

*Determined by univariate binomial logistic regression
†HRA = hip resurfacing arthroplasty
‡THA = total hip arthroplasty
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Discussion
To our knowledge, this represents the only orthopaedic
study that analyzes whether SES influences the choice between HRA and THA in patients with end-stage hip disease,
as well as the only Canadian study investigating if there are
disparities in SES for patients receiving HRA or THA. The
current work demonstrated that patients with higher SES
were more likely to receive HRA than THA. The percentage
of patients that underwent HRA compared to THA increased
as patient SES increased. Furthermore, HRA patients had a
higher mean income than THA patients.
Similar findings have been demonstrated for surgical procedures in non-orthopaedic specialties. In a study of 8837
male patients with prostate cancer, Hu et al. demonstrated
that patients living in areas of higher educational graduation
rates and higher median incomes were more likely to undergo minimally invasive versus open retropubic radical prostatectomy.31 Likewise, Stitzenberg et al. analyzed 5489 patients
with early-stage lung cancer and found that patients with lower median incomes were less likely to undergo video-assisted
surgical lobectomy compared to open lobectomy.32
Within the orthopaedics community there have been
numerous accounts citing disparities in access to care for
patients receiving joint replacement surgery. Examining
patients receiving hip and knee replacements within the British National Health Service, Neuburger et al.33 showed that
patients of lower SES tended to have longer standing joint
disease as well as more severe disease progression before receiving surgical intervention. Investigating patients receiving
THA in Italy, a country that like Canada has universal health
care, Agabiti et al. demonstrated that high-income individuals
were more likely than low-income counterparts to receive hip
replacement.34 With respect to HRA, Olsen and Schemitsch
demonstrated that for patients in Toronto, Canada, there
was a propensity for individuals of higher SES to undergo
HRA.35 The current study expands upon this earlier finding,
extending the research to include patients receiving THA, by
demonstrating that patients of higher SES are more likely to
receive HRA than THA and that HRA patients have a higher
mean income than THA patients.
There are several possible explanations for the findings
of the current study. Firstly, there may be reduced need for
HRA among lower SES classes. This is unlikely, however, as
individuals of lower SES not only have an age-matched increased severity of hip disease and worse disability,36 but also
an increased need for and similar willingness to undergo hip
replacement surgery compared to those of higher SES.37 Secondly, as indications for HRA tend to be narrower than for
THA,13 preoperative characteristics such as activity level, functional status, and general health status of the average HRA
patient tend to be more favourable than that of the average
THA patient.38 Patients of lower SES tend to have increased
comorbidities relative to patients of higher SES36, 38 and this
may in part explain the increased likelihood of patients with
higher SES to undergo HRA rather than THA in the current
study. Thirdly, it is plausible that there is a greater lack of
knowledge about HRA among individuals of lower SES, specifically with HRA in its infancy in Canada in the early 2000’s.
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The propensity for individuals of higher rather than lower
SES to undergo HRA versus THA suggests the possibility that
perhaps better educated patients are further inclined and
better able to utilize more extensive resources, and thus ardently seek out new and emergent health care alternatives.
The impact of modern information sources, particularly the
internet, on patient preferences and the allocation of health
care resources is a compelling area of future research.
There are a number of limitations to the current study.
Firstly, patient data specifically detailing a patient’s income
and education is not collected by St. Michael’s Hospital. As a
result, postal code at the time of surgery was used as a surrogate marker for SES and may not directly represent a patient’s
social or economic background. Secondly, the patient cohort
used in the current study was drawn from a single surgeon’s
practice in a large academic center and may not be generalizable to the full spectrum of patients receiving hip arthroplasty. However, this is the first study analyzing whether SES is
associated with the choice between HRA and THA in patients
with end-stage hip disease and the only Canadian study investigating if there are disparities in SES for patients receiving
HRA or THA. Thus, while patient selection bias is a potential
source of error within this study, the work provides a strong
foundation for future work in the area. Lastly, data on patient related factors such as comorbidity, hip disease severity
and anatomical considerations was not collected in this study.
As these factors influence a patient`s suitability for HRA and
THA, future analysis including these confounding variables
is necessary to determine if SES is an independent predictor
of the choice of hip arthroplasty procedure or if the observed
disparities in SES are exclusively a consequence of surgical
and patient related factors.

Figure 1. Percentage of patients that underwent HRA or THA in
each median income SES category. Patients’ SES classification was
established by segregating arthroplasty patients into one of four
categories based on the patient’s Statistics Canada 2006 Census Tract
Median Income ($CAD) - Persons 15 years and over. Patients were
stratified into income categories (1) $24,999 or less, (2) $25,000 to
$34,999, (3) $35,000 to $44,999, and (4) $45,000 and above.
HRA = hip resurfacing arthroplasty, THA = total hip arthroplasty,
SES = socioeconomic status, $CAD = Canadian dollars.
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Conclusion
The current study demonstrated that patients with higher
SES were more likely to receive HRA than THA. The percentage of patients that underwent HRA compared to THA increased as patient SES increased. HRA patients had a higher
mean income than THA patients. There appears to be a disparity in SES between patients who receive HRA and THA, but
further research is required to better understand the factors
that influence the choice of hip replacement intervention.
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